IMPORTANCE Racial disparities in time to surgery (TTS) after a breast cancer diagnosis and whether these differences account for disparities in overall survival have been understudied in the US population.
B
lack women who receive a diagnosis of breast cancer have lower survival than their white counterparts in the general US population. [1] [2] [3] [4] Documented racial differences in tumor characteristics and receipt of recommended treatments 3, [5] [6] [7] may only partially explain survival disparities. 3, 7 Time to first treatment has gained attention as a possible explanatory factor for survival disparities in nonmetastatic disease. [8] [9] [10] [11] [12] Treatment delays could lead to poorer treatment response, more rapid disease progression, or adverse health events 13, 14 and may contribute to reduced overall survival. 8, 12, 15 Because surgery is the primary treatment for early-stage breast cancer, 16 ,17 time to surgery (TTS) may be important for racial disparities research. Recent investigations have evaluated whether there are racial differences in breast cancer TTS. 10, [18] [19] [20] [21] [22] [23] In populationbased studies using data from the Surveillance, Epidemiology, and End Results-Medicare (SEER-Medicare) database, Medicaid, and the National Cancer Database, 10, 18, 19, 21 nonHispanic black (NHB) women had longer TTS or were less likely to receive surgery within 30 days of breast cancer diagnosis than non-Hispanic white (NHW) women. However, it is understudied whether these differences may be associated with racial disparities in survival. A California Cancer Registry study of 8860 young women reported that NHB women were more likely than NHW women to have surgery more than 6 weeks after diagnosis and that NHB women and those with treatment delays of more than 6 weeks also had poorer overall survival. 20 Nevertheless, the study did not directly address whether TTS differences between NHB and NHW women could account for racial disparities in survival. Less access to care and lower insurance coverage among black individuals compared with white individuals 24 are main factors for racial disparities in breast cancer survival in the general US population. 1, [25] [26] [27] [28] Access to care and insurance coverage may influence treatment timing. 29, 30 The California Cancer Registry study also reported that women with public or no health insurance had longer TTS and poorer overall survival than their counterparts with private insurance. 20 Independent of access to care and insurance coverage, it is unclear whether NHBs and NHWs differ in TTS and, further, whether racial differences in TTS may account for disparities in survival. Research in universal health systems, in which different racial groups are provided equal access to health care, can help address this topic. The US Military Health System (MHS) provides eligible beneficiaries with insurance coverage and access to medical care through a direct network of military treatment facilities or from approved civilian medical facilities. 31 Therefore, beneficiaries have insurance and access to care regardless of racial background. Previous studies have shown that black women with breast cancer had worse overall survival than their white counterparts within the MHS. 32, 33 However, to our knowledge, TTS after a breast cancer diagnosis has not been evaluated in the MHS population in relation to race and clinical outcomes. The objectives of this study were to examine whether racial differences exist in TTS and to evaluate whether any differences in TTS may subsequently explain any observed disparities in overall survival between NHB and NHW women with a diagnosis of breast cancer in the MHS.
Methods

Data Sources
This study used linked data from the Department of Defense Central Cancer Registry (CCR) and the MHS Data Repository (MDR). The CCR contains information on demographics, cancer diagnosis, and treatment for patients diagnosed or treated at military treatment facilities beginning in 1998. 34 The CCR compiles data and does follow-up on all patients for vital status using the North American Association of Central Cancer Registries reporting standards. 35 The MDR includes administrative and medical claims data for inpatient, outpatient, laboratory, pharmacy, and other ancillary services provided at military treatment facilities or civilian facilities paid by the Department of Defense. 36 The CCR and MDR data linkage was approved by the institutional review boards of the Walter Reed National Military Medical Center, the Defense Health Agency, and the National Institutes of Health. The requirement for informed consent from patients was waived by the Walter Reed National Military Medical Center Institutional Review Board because the study was based on data from a large existing database. Analyses were conducted from July 5, 2017, to December 29, 2017.
Study Population
Patients with a pathologic diagnosis of breast cancer (International Classification of Diseases for Oncology, Third Revision (ICD-O-3) topography codes C50.0-50.6 and C50.8 and C50.9) were identified in the CCR data ( Figure) . , insurance benefit type in the 3 months surrounding diagnosis (prime, standard, or extra) and care source (military treatment facilities or civilian facilities) in the 3 months before diagnosis and up to the first surgery date. Women with other health insurance in addition to MHS-provided coverage (n = 456) were excluded owing to the possibility of missing records for cancer treatment.
Study Outcomes
The primary study outcomes were TTS and overall survival. The TTS was calculated as the difference in days between the diagnosis and first surgery dates. Women with a TTS longer than 365 days (n = 61) were excluded because surgery beyond this period is unlikely to be part of primary treatment based on clinical guidelines. 16 Women with a surgery date prior to diagnosis (n = 28) were excluded because these cases may represent emergency procedures before a diagnosis could be made and did not have a valid time interval for analyses. Women with other treatment prior to diagnosis (n = 41) were excluded owing to the illogical ordering of diagnosis and treatment and its potential effects on the study exposures and outcomes. Vital status was determined from CCR records. Survival time was calculated as the time between diagnosis and the date of death for those who died, date of last contact recorded in CCR and MDR databases, or end date of the data on December 31, 2008, whichever occurred first.
Statistical Analysis
Distributions of patient demographic, tumor, and treatment characteristics by race (NHW and NHB) were examined using χ 2 or
Fisher exact tests. Time to surgery and associated 95% CIs were estimated at the 25th, 50th (median), 75th, and 90th percentiles for each race using model intercepts and parameter estimates from quantile regression with bootstrap method for SEs.
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Then, we compared TTS at the designated percentiles between NHB and NHW women using both univariable and multivariable models adjusted for demographic, tumor, and other treatment variables. Analyses were conducted for the first surgery and then separately for BCS or mastectomy, respectively, owing to inherent differences in treatment planning and excision techniques between surgery types and the potential implications for surgical delays. We repeated the quantile regression analyses by neoadjuvant treatment status because neoadjuvant treatment is indicated for more advanced or aggressive tumors 16,17 and can markedly affect TTS.
We then compared overall survival between racial groups and whether TTS might be associated with racial differences in survival using Cox proportional hazards regression. Pa- tients with less than 30 days' follow-up after the surgery date (n = 14) were excluded from survival analysis owing to possibly incomplete information on course of treatment, such as adjuvant chemotherapy or radiotherapy, which may be associated with cancer outcomes. Individual hazard ratios (HRs) and 95% CIs for all-cause death were modeled for NHB compared with NHW women in univariable and multivariable models.
To assess the association of TTS with racial differences in overall survival, we first fit the model without TTS. Then, we added TTS to the model to examine whether racial differences in survival were attenuated. Relative likelihood of the models was assessed using the Akaike information criterion. 43 In this analysis, the overall sample TTS was divided into quartiles (Q1-Q4), with the shortest time interval defined by Q1. To reduce the possibility of residual confounding within TTS quartiles, we also modeled TTS as continuous time. Survival analyses were conducted for the entire sample and stratified by surgery type. Analyses were conducted using SAS, version 9.4 (SAS Institute Inc). Statistical tests were 2-sided, and associations were considered statistically significant at the α = .05 level.
Results
Patient Characteristics
Of the 4887 women included in the study, 3899 were NHW and 988 were NHB. The women in the study had a mean (SD) age at diagnosis of 50.0 (9.4) years and were followed up for a mean (SD) of 3.8 (2.1) years. Mean (SD) follow-up time was 3.86 (2.1) years for NHW and 3.5 (2.0) years for NHB women. Distributions of patient and tumor characteristics differed between NHB and NHW women on nearly every characteristic evaluated (Table 1) . Notably, NHB women tended to be younger at diagnosis and were more likely to have stage II or stage III tumors, hormone receptor-negative tumors, comorbid conditions, or to have died during the study period compared with NHW women.
Time to Surgery
For NHW women, the overall 25th percentile TTS was 7 days (95% CI, 5.6-8.4 days), overall 50th percentile TTS was 21 days (95% CI, 20.6-21.4 days), overall 75th percentile TTS was 35 days (95% CI, 34.0-36.0 days), and overall 90th percentile TTS was 60 days (95% CI, 55.3-64.7 days). For NHB women, the overall 25th percentile TTS was 6 days (95% CI, 1.6-10.4 days), overall 50th percentile TTS was 22 days (95% CI, 20.6-23.4 days), overall 75th percentile TTS was 39.5 days (95% CI, 35.7-42.3 days), and overall 90th percentile TTS was 92 days (95% CI, 75.9-108.0 days) ( Table 2) . In multivariable models, NHB women had a longer TTS than NHW women by 3.6 days (95% CI, 1.6-5.5 days) at the 75th percentile and 8.9 days (95% CI, 5.1-12.6 days) at the 90th percentile ( Table 2 ). The magnitudes of adjusted differences in TTS between NHB women and NHW women were similar in models stratified by surgery type (Table 2) . We also considered patients with and without neoadjuvant treatment separately ( Table 3) . Among patients with neoadjuvant treatment, there were no significant racial differences in time to neoadjuvant treatment or in TTS, although there was a tendency toward longer TTS for NHB women at the 75th and 90th percentiles. Among patients without neoadjuvant treatment, NHB women had a significantly longer TTS at the 50th percentile of 1.9 days (95% CI, 0.3-3.5 days), at the 75th percentile of 3.1 days (95% CI, 0.8-5.4 days), and at the 90th percentile of 7.6 days (95% CI, 3.5-11.7 days) ( Table 3) .
Overall Survival
Non-Hispanic black women had a higher risk for all-cause death (HR, 1.53; 95% CI, 1.24-1.90) compared with NHW women in the univariable model. The higher mortality risk for NHB women was attenuated (HR, 1.21; 95% CI, 0.97-1.52) when adjusted for demographic, pathologic, and treatment variables ( Table 4 ). Table 4 ). The addition of TTS to the models did not change the HR estimates associated with race by surgery type (Table 4) .
Discussion
Racial differences in TTS have been previously reported, with black women experiencing a 3-to 15-day longer median TTS compared with white women. 10, [18] [19] [20] [21] [22] [23] Insurance status and access to care have been identified as 2 system-driven factors that potentially contribute to treatment delays. 10, 15, 20, 22 The median TTS of 22 days among NHB women in our study was shorter than the median TTS of 27 to 37 days reported among NHB women in the literature. 10, [21] [22] [23] 44 Nevertheless, in the MHS, which provides insurance and equal access to care regardless of racial background, we observed a longer TTS of nearly 4 and 9 days for NHB compared with NHW women at the 75th and 90th percentiles of treatment time, respectively. This finding suggests that factors other than access to care and insurance status may play a role in longer TTS for NHB compared with NHW women. Patient and tumor factors, such as comorbid conditions or hormone receptor negative status, which tend to be more prevalent among NHB women than NHW women, 45-47 could also influence surgical treatment decisions and delay treatment. 5 ,48,49 Nevertheless, we controlled for comorbidities and ER and PR status in our data analysis. To further account for possible effects of underlying racial differences in tumor phenotype, we stratified the analysis by hormone receptor status and found similar results; NHB women tended to have longer TTS at the 75th and 90th percentiles despite ER and PR status (data not shown). We also considered effects of neoadjuvant treatment on racial differences in TTS and found a similar tendency for longer TTS among NHB women in patients with and without neoadjuvant treatment. Other factors, such as genetic or familial risk; social, behavioral, and cultural factors; and patient attitudes and perceptions not routinely captured in registry and medical claims data may be associated with cancer treatment 49-52 and thus TTS. These factors may provide an area of future research to better understand racial disparities in treatment timing for breast cancer.
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Although NHB patients experienced longer TTS, the delays did not appear to account for a higher risk of all-cause mortality for NHB compared with NHW women. This may be related to the dilution of TTS-associated outcomes because the racial discrepancy in TTS was observed only at the 75th and 90th percentiles. To assess this possibility, we stratified the analysis by median TTS among patients with BCS, in whom racial differences in survival were found. We noted a slight attenuation in the HR comparing NHB with NHW women among patients with a TTS greater than the median, the group that had racial differences in TTS, after adding TTS to the model (eTable in the Supplement). We also explored whether differences in tumor phenotype or time to initiation of adjuvant chemotherapy after surgery may lead to different associations. Although sample sizes were relatively small in each stratum, the results for the association of TTS with overall survival remained similar by ER and PR status (data not shown). For patients with adjuvant treatment, we found longer time between surgery and adjuvant chemotherapy for NHB compared with NHW women. However, the addition of time to adjuvant chemotherapy in the multivariable Cox model containing key variables and TTS did not affect the HR estimates of all-cause death associated with race. The difference in relative mortality risk associated with race by surgery type may be related to variation in characteristics of women eligible for BCS compared with mastectomy and underlying all-cause mortality risk. Patients receiving BCS may have earlier tumor stages 16, 17 and may be more likely to die of competing risks (ie, comorbid conditions) rather than breast cancer. In our data, NHB women were more likely to have comorbidities, which may be reflected in our outcome of all-cause death, although we adjusted for comorbidities in the analysis. Meanwhile, mastectomy is recommended for later-stage or poorly differentiated tumors, 16,17 and mortality among patients receiving mastectomy may be more likely to be associated with breast cancer or its treatment. In our data, NHB patients tended to have more aggressive tumor features (ER−/PR−) but had similar time to initiation of neoadjuvant treatment and were equally likely to receive adjuvant chemotherapy or radiotherapy among patients receiving mastectomy (data not shown). Probably as a result of the combined effects of tumor features and breast cancer treatment, no racial differences in survival were observed among women receiving a mastectomy.
Limitations
To the best of our knowledge, this is the first study to evaluate racial differences in breast cancer TTS and its potential associations with disparities in overall survival by using comprehensive data from a universal health care system. Despite the strengths and implications for future research, our study had limitations. First, with no consensus guidelines on surgery timing, 11 the clinical significance of racial differences in TTS observed in this study is unclear. Second, we were limited to all-cause death as the study outcome owing to incomplete data on breast cancer-specific death. Third, the relatively short follow-up period may have prevented observation of sufficient outcomes to evaluate the associations of TTS with racial differences in overall survival. Fourth, we cannot rule out the potential effects of unknown clinical details, such as ERBB2 (formerly HER2 or Her2/neu) status, on our results. Fifth, as with any administrative data, possible errors in coding and recording could result in inaccurate determination of diagnostic and treatment intervals. Nevertheless, such errors might not be differential by race and thus might not substantially affect our results.
Conclusions
In the universal access MHS, NHB women had longer TTS than NHW women. However, surgical delays did not appear to explain observed racial disparities in survival. Future research on factors that influence surgical decisions, treatment delays, and short-term and long-term clinical outcomes is warranted to better understand racial disparities in breast cancer treatment and overall survival. Author Contributions: Drs Eaglehouse and Zhu had full access to all the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. Concept and design: All authors. Acquisition, analysis, or interpretation of data: All authors. 
